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Abstract Submitted
for the MAR96 Meeting of

The Americau  PhysicaJ Society

Sorting Category: 9.c

Precision Density Measurements Near the Helium
Lambda ‘lYansition Using High-Q Microwave Cavities D. M.
STRAYER, Jet Propulsion Laboratory, Caltech, W. JIANG, N.-C.
YEH, N. ASPLUND, Caltech  — A new experimental approach for hlgh-
prdsion  density measurements of liquid helium near the knbda  tran-
sition is proposed, Using a high-Q Nb microwave cavity (QN 1010)
and the high-resolution thermometry (HRT), the changes in the den-
sity of helium that fills the cavity can be detected to high precision
by accurate mwxmrcments  of the resonant frequency sldft (At) as a
function of the temperature. Since the frequency shift provid~ di-
rect information for the changes in the dielectric constant, and since
the dielectric constant is related to the density through the Clausius-
Mcmotti  reiation,  the capability of high resolution frequency measure-
ments (to one part in 10]3) will euable  us to resolve density changw
to one part in 10]0, Numerical calculations have been performed to
demonstrate the feasibility of this approach for mapping out the density
profile of liquid helluln  which couples to the TE modes of a microwave
cavity, I%r tempcratunx  very near the lambda  transition, a suparfluid-
normal fluld interface develops inside the cavity. A numerical decon-
volution  teclmique  is established to resolve the helium density profile
h the cavity. Preliminary experimental data using a TMO1  O niobium
cavity and with microkclvin  temperature resolutions will be presented,
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I Motivation!

@ Test of the Critical Relation of ~P near the Lambda
bansition

High precision nlmsurcrnent of p(T)

===$ /?p(~’) =+ a, A, ~, ~, X

~ Related Experimental Work:

I
1

1

I

I

I

.— .—-——.

Van J)egrift & I’ellam
1974

lvluellel, Ahlm, & Pobell
1976

Lips, d d
(to be published in p~{IJ)

this technique

—.—~— ..—. . . . . .. —- .

_Physical Quantity Sensitivity (Q s II - (T/T~)])

Capacitor (C) Jc/c - lo-~, CA -10-”5

thermal expansion 6P N
coefficient (~~)

heat capacity (C) JQ/Q N 10-4, CA N 10””g

resonant frequency 6f/f * 10-13, CA ~ 10-”9
shift (A~/~o)——. —–—.

311e — 4 He mixture: p

Precision mwsurwnents  of” p ==+ precision measurement of x.
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Technical Approach

1. Clausius-Mossotti  Re]ation (e ~ ~)

& – 1 4mo
‘ - —  ‘ ~PS+2

E ;

(20 :

M :
P:

dielectric consta]lt

polarizability

(assumed to be constant near the lambda transition]])

molecular weight

demity

1 In a microwave cavity, the electric fields couple to the
idectric constants e

t

~

Cavity rasonant frequency shift(A~) due to the small
hange of E of liquid helium:

~ ~ f  -  fo ./Vok -  &o)/Eo12dV—._ —- —
f

.-. —
0 ~() /vOEo/~o/2dV

4

i resonant frequency of the resonator
at a reference temperature
volume of the cavity
the electric field of the resona]lt mode
dielectric coIMant(s) at the rcfere]lce temperature
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● Gravity [Effect

. . . . . . . . . . . . . . . . . .

‘IA(()) q’ 1~ (d).
‘k

s

. . . . . . . . . . . . . . . .

N

z
.,

. .

. .

z
. . . . . . . . . . . . . . . . . . . .

1 . .

0
I E012

pd‘onsi er a cylindrical cavity maintained at

I

. . . . . . . . . . . . . . .

E

a uniform
temperature T,

T@) = T“(o) -t- ‘)’()’Z

7’() = 1.273 x 10-6K/cm

Rej: Ahlers, Phys, Rev. 171, 275 (1968).

{f ~A(0) < ~ < TA(d), a superfluid/normal fluid interface

+ppears inside the cavity at the position

T  –  T’(o)q ~—— -—..
?’0



~ ● Deconvolution for Resolving P(Z, T) near the Lambda
\ Transition
t

Clausius-Mossotti
deconvolutio~l

Af relation

j
— ( T )

() +2, T) p(z, T)

For Tl?,,,nf mocks,

ikqaHo ~, P~,~rE == @& &j = .-F—
7t7n 71(+(%)

I

i
t

Aj ____ ~ /:[E(%~) - E(Z) T’(o)]sin2  (~) ciz(T) ~ f -  h—-.
f

— —— ___
() f () J~E(z, T,(o))sin’ (~) tk
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i Experimental

! ——— High-Q Nb microwave cavity:

Q w 109 near 2.2 K

I —— H~gh-Resolution Thermom~try  (HRT):

I

S@JID magnetic susceptibility:
Ref: I.ipa et al, P/tysica B+C 107, 331(1981J

,

T~mperature  resolution: ~ IO-10 K
Tdmperat~lre stability: * 10-~ K

I
1

i
l--- High-resolution frequency source:

1 ’
I

I
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/

1

i

HP high-stability source: &~/~ w IO--13
phase-lock loop technique: 3$/~ N ]0-15
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● Block Diagram  of Resonant Frequency
Using a ~igh-Q Microwave Cavity

Measurement

1
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
F

HP?335A+

IO M~z
Rcfere~ce

HPb672A 0’30*
+ S+nal

Gerierator ;
J. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . HP5361B

Frequency

Wavetek  145 LJW!!EJ

PulseGenerator

TTL
IIP11720A

Pu]se  Modulator 1

I@’54120B
OdCiliisCope

Amplifier i. . . . . . . . . . . . . . . . . . . . . . . . . . .

Nb Ct/vitY
F-L

S~UID Sensor
I ~ Amplifier

a! Controller —
:

—

. . . . . . . . . . . . . . . . . . . . . . . . . . . .
cyo$cnic  Dewar
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Schematic Measurement Cell DesignI

VaCUutn  pump lint  ———–— I I

III p u m p

Dlafe

1

plJm”p,line

___

I

- ‘He

I

I

—

—

r--
‘He pump

-_----
I
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h————  ——..—
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Deconvolution Algorithm

. . . . . . . . . . . . . . . . . . .
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~ F o r  TA(0)<7’<T’A(~))

a given temperature T’ ==3- an interface position .zo

! Choose

,
Tj = ~A(O) +wzj, j = 1,...N,

~ such that ~,j = j-$
.
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I
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Discreti$ation
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Af (rq f - fo—. ~ _/j+ ~) - ~(~,~,(o))]sil]2(~)d2= —.
f() f o /jE(~)~,(o))si112(&)d2

P.15

.
where

i= ],... ,N, j=d, . . ..N
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-Lhmar algebra problem

A  x = b ==+ x = (ATA)-lATb
I where
I

! 1

I

1
,

1:

P.16

‘~ With Z? = 1 & 39 21V unknowns: E – EO (assume EO is
nown) ~ and 2N equations.

1
l!
ii
1:
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● Computer  Simulation
II
II 1

I

) (

r

;!,
ii

~ p(t;=I

,

I

1 I

0.146081 – 0.1451189 X 10-GO X (2630.9 t

–7768.2 t~ogl(lltl + 20547.1 t2 -t- 15963.2 ttogloltl
+24525.3 t3 – 12728 t2tlog10/t/), for t < 0;

0.146081, t == O;

0.146081 + 0.1451189 X 10-60  X (–31288.6 t
–8086.1 Q]ot –

]0738.1 t2 – 301O.4 t3), for t >0.

il

u
cl} == 0.123363N~ = 0.204849 cm3/moIecule

if

1: #= 6.6424  )( ]()-24g

I I

I
p.&(t)=\+::,  Q,E@!!(

I
i — 3 M

I I
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x 10-’0
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10
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Expected Resolution in Density Measurement

i

{
-.— _... ___ ——..——

&f/f &!’/T 6p/p

:*
—. ..—___ _ ___ --.-—— —— .—

karth-bound laboratory W< 3.5 x ~()-1~
w< 0,8 x 1o-1o

I

u
\ n icrogravity environment - 1 0 - 1 3 - 10–9 *< 2.5 X 10-10-10-13

- 1 0 - 1 1 ~< 2,5 x 1o-1Z
! +-------------
I



I

\ I
I

Summary

o High p~ecision measurements ofhelium density near
I
I the latibda transition1
I
I

I

I I-Iigh-Q Nb cavity (Q w 109 near 2.2 K)

Mgh-resolution  thermometry ([T – TAI w 10-9 K )
I
, High-resolution frequency source (J~/j w 10-13)

\/
I
I

I ===$’ &p/p N 10”1 0

I
i

● Deconvolution  algorithm
II
I *(T) *W, ~) [* P(~, ~)]

()
ij

!
* Potent!al of the Technique:

i

II Higher precision density measurements in the rnicrogravity
I1 environment: 6T/T ~ 10-11 ==+ 6p/p ~ 10-12

!!


